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(2) 



<#H¥4 - 2 5 6 3 5 6 



F E T t N ;^;;l/MO S F E T i SrJ^JsS bT3i«¥« 

^^istc^v^T, mfR^^m»^m0^m\t (o i d s 

•Xf*D> mffiP5^^^JHvIOSFETtN5^^^;|/MO 
S F ETa:ttKP5^^:^^;VMOS F ET^£SgnS^^Sg 
fig5J-*SgN5^ Y ^JUMO S F E T £iffin-53E«SS^4J-lC 

[it*JS2] WIBP5^-\'^;HvIOSFETi:N5"-\'^ iO 
;PMOSFETttt> gP5^-t'^Jl'MOSFET*^n 

iRlK^U ®[N5^-v:^.;HvIOSFET*Si£n-5^IIM 

^mmm^mi¥mmoy<o 1 1 A/N--T>^rsncit35 

[0 0 0 1] 

ET, N^^:^;PMOSFET (£tT, PMOS, NM 20 
[0 0 0 2] 

[te*OtStB] *-r, H5&fflV>T, 2»<0PMOS, 
NMO S»€:'6et3Tft?^T?a&-5D C^— ^'?£iEiJ^«Kt?^ 

ilS«rf 3 ltDC^-^'3 2©llijBtOMfc2e©PM 

OS 6 0, s oiiitmmzmi^^tu *fcDc^— 5^32 

®W«tT— Xi:©ffit2jS©NMOS 7 0. 9 0*«M 
?0CSiK3nTV»-&. PMOS6 0i:NMOS J(7 

7 0 tifl^->:t>itl^t.Sl<OA:)^[^\zmmi!flmtlX 
DC^-^'S 2*t]Ee-r5. PMOSSOtNM 

OS 9 0 iii!fi^—>^>^n^tmmtB:^\^\zmnx 

DC^-^'S 2liMtef-5. ^l©H:/'Jy>?S^— 
ffll|5I»<fe«EnSS8fEtt. 6 0-7 0. 8 0-9 0©J:5 
KiK>&-r lia©PMOS, NMOS^SSoTSgnS. 

CO 0 0 3] j:©<k5tr, mmi)^^-^-rmu • 



iitf 3 ffi^-i'©B»iiaiS-^-f >n-^'ig]»^*<*s. 

[0 0 0 4] tH^T, ±M©J:5IC. 1fi»<e©MOS 
FET^*jK-SfrSlHl»»Ci5ViT, -tnScDMOSF 
ETS:|^-©i^«<tS«±lCJg«T-5lr>^3«)^^y U v' 

^'fb-r^lS©¥^(*:S«tbTtt, HRK, ^©«M*« 

(10 0) ®©«j©*«fflVi&nT^i-5. ^:n«» (1 0 

0) ffi©«?^ffi^I!jfi|j5«fiS©iSJ:t)t>SEVv (10 
0) 9©S lOi mi:.<Dnmm&iSS.i!fiili^^^ ^ii^^ 
(10 0) M*«#[t>nxvi«©Tx-^'diJ;<J»oTV» 

[0 0 0 5] H6«, fg-©¥««:»ffi-htC, gm©P 
MOS6 0, NMOS 9 0 l^y^&^yj^y i^ftUfeSE 
3fe©3^^«:g|l©«g?&g|55^et|fc^bTViS. 
2 Itt, ^ffid* (10 0) H©t>©*«fflVi6n, P* V 
-Xffi«2 2, P* HW>««2 SRt^e/'— hlfiigaBI 

±ic»»«*nifc^^- h«a«fcj: t) PMC s 6 0 itm^ 

2 6, N+ HW>«i«2 7Xl^y-h»iRI»±K?g^ 
Sn&er'-hmffi2 S^fCjcONMOS 9 0*t«^3n 
TViS. PMOS 6 OiNMOSQ Ottt, PMOS6 
0 «:^n-5«lffii:NMOS 9 0 <fei!En-&«SSi:Atra— * 

[0 0 0 6] istiK ( r^^^isfv-u-X v 

LS I5^AMX©feSj *»iEB!l. /hW^iE**, AS 
ttc^t^tfc, 1986, p. 145) \Z^m{*^<Df^^m:& 
(fet«^'iE?L©«iii^»ie©«ffi)i«S*n-C*0, 

njcist, (10 0), (111), (o 1 1) #w 

©Siii«^ • jE?L^»lKftl^-€-n^n©M±:©NMO 

s, PMOS©5^-v:^i;i'fitt*isi©J;5fc5K^snTV» 

[0 0 0 7] 

[«1] 





( 1 OO) 


(111) 


(Oil) //<0 1T> 


(Oil) //<0 1T> 


««MWIilS{ c rf/ V sec) 


436 


333 


230 


29 1 


mfimm^mLi c r«/v sec) 


95 


135 


230 


155 


NSM O S P B T^f- r :^/VStS 


R 


1, 3R 


1. 9R 


1, 5R 


PSMO S FET«Df-^4<^/P&£i 


4. 6R 


3- 2R 


1. 9R 


2, 8R 



CO 0 0 8] ^1 tCfetiT, NMOS. PMOS©^^ 



50 



rstis^eb. ^^^jvmjSimt (loo) m±©nm 

OS©f^Y^;Wffi*iffit5f*itLT5^$nTVi-2). ^it. 
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3 

(0 1 1) fflfc:3V>T», «Si£<DSSn-5*[pJtCj;oT^ 
®^»K*^SJS:Sffii£*-r©-e^l f-» (0 1 1) ®± 

[0 0 0 93 miil^^h (1 0 0) ®±T7««?^«®5^ 
tijifA«iS5<, (10 0) ®±©NMOS©5^^*;i'»*l 

[0 0 10] uA^u H6»c*ufcj:5K, m—o^^m 

■*2£«± P M O S t N M o s t s-t y U 1^ ^ -fbT -s 
15, ■€-cO#«*|^S«tL.T^ffi*i (1 0 0) aO'b(D<& 

9^^^;i^fitfi*«je5<ttstv>5rasA<*s. -tux, ;i 

CO 0 1 11 ^1 ickSt. (llDffiT©? 

MOS iiNMOSW-e-Wg^^^^PSSlli (10 0) B± 
-CO-^-nJtO'b/hSV^. (Ill) Mtt, «)«lOP9^-V 
^ JkX > A > h Ji?M O S F E T m«l5]8S«5«fi t 
bXfflVi6nTVifcJltS:i?A>6. SfeW** (1 1 1) ffi 
<D^MWmW.^> (10 0) ffiCD#3S«!:affi®f^D 

[0 0 1 21 SSfc, «1 fciSt (0 1 1) W*fflV» 

;fei#OPMOStNMOS ©'a'ff5=^r 
©[6)€rtcii^S7S:< (111) ®Sfflv>?tt€rJ;0'b/jNS 

#«#:S«© (Oil) MJiJCPMOStNMOS 

( rpully Symmetric Cooled CMOS on (1 
10) Planej » M. Aokl , K. Yano , T. Masuh 
ara , K. Shinohigasbi , IEEE Trans, on E 
lectron Dev. , vol . I E» —ED, No. 8, A 

ug. 1989. pp. 1429~143 3) lrlH«£$nT 

(Oil) S±K¥ffbTJ^«$n&PMOSi:NMO 
S tJCiDCMOS^f >A-^'*t«JjS^FnTV»a. Jl© 
^^mi$^mm-V\t. PMOStNMOSi?&¥fTUTEg 

»»flf©3SllC':PViT©ffiiEtt;a:Vi, PMOS tNMO S 
©^®i^»S*^L-<-r-5/t*fc«, PMOStNMO 

^iRifciflioTSsnsjc^fc-rntiiVi©-?, ±mo^o 

KPMO S tNMOS t^t^Fff bTiaB^FnTViSt)© 
[0 0 13] 



(3) !^S¥4-2 5 63 56 

4 

mm*m^vi:vii-r^^m] ^^m<^mm(D (o i 

1) BS±»C. PMOS tNMOSi:*-5-©=&«S5*<<0 
1 lA;'C-V>:)^|6»cW-r-5^rlRHCl2tSU^fie*©* 
JSfrSBTtt. *1 fciSt, (0 1 1) ilgJi©<0 1 
1 AA*-T>:^lPltr^t--5:i&lSl©iE?L«ffii&Bjffi*«< 

0 1 1 AA— T>*|BllCit35E-rs*|nlO-e-nj;DSi5<, 
<0 1 1 A.'\--T>>&|^fC^fT-r5;5riRl©««Bii^» 

mifi<o 1 iAA-v>:&r^icitsrrs:&iRi©-tnj;D 

t)<SVi. droit*, PMOStNMOS^&StEtlS&aSS 

T^mwimmmtiifl<&<fs.r:>xvmv. ^fc, cmos 
isjsfci&ffl vitm^. ^n^nouo s f e t s^ia-r 

b, PMOS. NM0S05^-f ^->Vfi*llCJtWT-5J:t 

[0 0 14] -tJl-C, ;i©«9ltt, P^r:^;UMOSF 
E T i:N5^^ :^;UMO S F E T©^fh?^ ^^^JPSSi^/h 

SfcCMOSlHlKlCjSfflb>t*&, -eoffliSS/hS 
[0 0 15] 

fc. il©«Mtt«lfc, ra— ©i|i3f#:a«JbfcP5^v* 
;l/M O S F E T Y ^;PMO S F E T i: S J^J« LT 
^^#^^^fi(;:;^t,iT, MIB¥^S«i©«iil» (0 

1 1) ffiT»D, WIBP^'\'*;kMOSFETtN?^^ 

^^nmfSL^ifil^N'^'^^JVMO S F E T &S5n-5=fe« 

[0 0 16] m2fc, JiE®l©«J«fc;6^iT, gaiBP 

5^ A' ^JUM O S F E T i N?^ -V :?i;i'MO S F E T t tt, 
© P ^Jl-MO S F E T5£«Sn-5i««5fS^^A«WI2^|i 

«#S«i©<0 1 1 An-T>:6ri6ilc5pff eEN5^* 

^;i.MO S F ET&ttn'5*SiiK^i>*«mia¥iS«=»« 
©<0 1 1 AA— T>;&lRlfcit3SrrsJ:5fcJg|KUT:fe 

[0 0 171 

P5^v^;^MOSFET<i:^■5^V 
:?i;i/MO S F E T©^th5^^ :?.;l'fifii*«/ha < :/3.^ Tfi 
^(C^-r^SSiESflbtglAAtAib&nS. CMOS 

[0 0 18] 

[00 19] BiKzm2». z.(o%m<omimm0i^ 
50 [0 0 2 03 s-r, ^mi^mm<DmaL^mB^-r^t, i 
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(4) 

5 

tt^iB^j (Oil) m<DNm^^mi^miR•v&o. 

- hnm4mz^ o pmo 

ffifrtt. P»>xJl'5*«?f?J«Sn, ^<0F^x.}V5P^<DN 

j^StlTViS. PMOS 1 0©P+ V-:;^m«c2i:P + 
H >«« 3 t «, NJg¥««^a« 1 0< 0 1 1 Ay t 

NMOS2 0<DN+ y-X®i«6tN* HW^®**? 
t«. N»¥^{*^»«1«><0 1 1 AA-T>:^1^\Z\a. 
=eUfc>6FlftKlftVi'& 3 «fc 5 KSfiStlTVi*. 
[0 0 2 1] JiizgW*#**:^Btt. 4:^»®NJ^i^##:a 

«[p '>x;wcMO s <o:?'p-txfcJ;-pTf!iSf s 21 1** 

[0 0 2 2] JfcK, JijfiOJi-SJC^IlS^^nfc^^fl^^iB 

«^S#A?>i:> PMOSlOOSattt. P* HW> a? 
««3A^6P* V-X««2's<0 1 1 An-T>:&ie] 

icspfffcffin^, NMOS 2 0®^«ffitt, N* K 

W>«1S7*>&N* V— X®«6^<0 1 1 A7\'— ▼ 

>:^i^izit^vit:^[pHzMn^. tCfi336iK«J:«t> 

©»^e!)^l^'^r*J^S*^^*3. 4Ra:;4oTx (1 

0 0) (1 11) ffi««. xtt (0 1 1) m& 

S±fc P MO S ^:NMO S CDM€i!E*»5pfTUTdf£nSS 

[0 0 2 3] z.(o^m<o^m^i&m^cuos 

5. — «g6?jKCMOSIil?SSi8tt-r-5t#, PM 

OS tNMOS0!)««i£K»IB:ftS^l><-rsyS:J&, PM 

0 S t NMO S <0^-\'*;W««-5-tl-6njE3l, 18^©^ 

n-enoMo s f e TS:}g<;js-r-5©iCiK>s>sBBaK, 5^ 
•I'^^^jngfcjt^yb, JEH. «^©^®^i!)ig»csit#!i-r 

«^.tA^&8(fS2Sl'f'®PMOS, NMOS©5=^-*':^;l' 40 

1 1) ®®i|£«*|i:a«l PMOS 1 Ott^©^ 
mSfEfiKii"*«< oil A/t— T>:)5t^»CWrS J: 5 fCE 
Bb, NMOS 2 Ott-5-©*«8St«»*»<0 1 1 AA- 
T>*Ioltit^-r-5«tptEB-r ^JltJcAD, CMC 
SlilteSje^t* «>©lC'i5.||;a:®ll, BqiSPMOS 1 Ot 
NMO S 2 0 $J^«f<5©fcjK»iliftM«©fn*/hS < 

fr-s. BIS era. Jio^9!©^2^w*^t*. 

[0 0 2 4] C:©ll8fi0}«. :ai[^{Cj*-r-5««5EK»ffi* 



^HT4 - 2 5 6 3 5 6 

6 

S;"^«7-MOSFETtL'fc'b©TS&S. P* V— 

JS12, p* Yv-<>m.i$.izms-^-hmm.m±.\zm 

^^ntz.y- h«ffil 4^»rJ:DPMOS 3 0*i«^S 
HTVSS. BI^«ilfS<Z)P':^x;H^ON+ 
«16» N+ HW>««1 7Rt;y-Mfii&K±fcJB 
fi!c$nfcy-h«ffil 8^lrJ:DNMOS4 0*^«^$ 

nxvi*. itri2^i^ifi0gtra«fc. pmos3o©p 

♦ V-:!^««l 2t.T* FW>««1 3tl4, S«l 
©<0 1 1 AA-T>*ifljir¥ffbfc:!&rR»::i^Vi'&5J: 
^JCEfi^n, NMOS 4 0©N* V— XM** 1 6tN 
+ H >W$L 1 7 t tt, X« 1 ©< 0 1 1 AA--T> 
*lRlK:ieB!EUfc&|6llClRlV%-&5 * 5 fcBB1SSnTV»5. 

[0 0 2 5] /"^»7— MOSFETOifr&tt, IC 

ffl^©— «©MO S F ET J: l5;«C^tiffi^&;^-f ^/g^fS^K" 
S*«*0. 2;^:Pt{^lC5*#bT3Sv>^:i:d«M*snTV» 

^'i' h««l 5&t^P!>x;i/a>3'i/ h««l 9*««lt 

[0 0 26] ::©*Sfi0!l©>^h7'f :/S!/t«7— MOSF 
ETtt. «rSB^l|IJSWtl^»©CMOSyp-feX, X 
tt/'^ ^-MO S F E T (nm&^^ti LTJ; < ffl V> SnS 

[0 0 2 7] H-^^)vvm^-9ummmzji^m\^tz.m 

[ 0 0 2 8 ] S 4 tCtt. Z. <D^^^<Dm 3 ^fi^ S*T. 

[0 0 2 9] ^(ommvn^, wim'm2mmm<Dxmmz 

[0 0 3 0] H4tr«> NMOS 5 0©i&.*«^SnTlri 
^, 16 a. 16 btt^i-f!l$n;tN+ V— X«i^> 1 7 
a. 1 7 btt5>fd3n;tN+ HW>S*S. 1 8 att-J^ 
-h*Sii:)^±tCjg^Stlfcy-h«ffi-C*S. PMOS 
©¥B/13'— >fcoV»Ttt, JhSNMOS 5 0®J^i: 

[0 0 3 1] v-x^ufi, K p-f >®«&-fe;i^S!l-r 5 
tSiiS©i«n*tffi*tfl:b, —:Si^izmnf3:<tti^. 0ix 

tf, B14TttQ. R, T©«^?&lRlKt8«E)i««En«. b«» 
T*lRllCIt^UTV»-5 V— Xgi^t H W >®«© 
jt#|Bl®*ifta©:!&l6j©^tI^S J: D t>*i*tJ£tr>©-Ci««Stt 
T^rfRlfciSnS. U&36«oTNMOS 5 0©*«flgtt, 
S«©<0 1 l>:;&|^JCie3Sbit:;^lftfci«n«c:a:fc3S: 

^. ziDi^m. s^mizit. s5fBM2iiis0!iiB«ra« 

[0 0 3 2] JiJE©^^W»C^ViTPMOSi 

NMOS©^®/t5'— >«®<H©/t5'->tL.fc*^, Z. 
ntCK^SnSIli:/a:<, PMOSi;NMOS©a-i« 
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^ite«)©lt®t3iat©mVi^lC-e~frTPMOS. NMOS 
[0 0 3 3] 

»i, ^mi^m&oma^ (0 1 1) ffitu P5^^^;w 

MO S F E T t N^^i'^Jl'MO S F E T tttP 5=-^:^;p 
MO S F E T idi!n-5±«S5^^*«N5^^^;HMO S F 

iE?L. «T©Sffi^S&a[®a-&*3-li-ffl*:#cS<-r«> 
Jl a:*«-C€rTP5=-^^;i'MO S F ET tN^^*;i'MO 
S F E TO'&ffl-g^^ :?i;Ufitn:«:/h$ < TS 11 i:*«T?€r 

ffi-v^^. cMosiiiteiwj&fflb&«-&, -e-o® 

[0 0 34] mz. P^r^;WMOSFETtN5=-r^ 
;i/MOSFETt&, P^^-V'^s-JWMOSFETSriSn'S 



frb, N5^-\'^;i^MOS FET^SSn^^SdSjKiJ^d^* 
^#:S«o<0 1 1 AA*-v>:3&iRjlcit32-r«a:5Jc» 

[0ffi®ffii¥ifS:SiW] 

[Bi 1 ] ::<Dmm\zm^¥^mfi^mm<Df8 1 ^jfi««i€*f 

¥ffiHT?»>5. 

[02] iai©x-xiiEirHigi?&«. 

[04] ji©B?«©^3iys08&^-r¥ffiia-c*s. 

[0 6] Se*©¥«#:SiiSS3^-r5Fffl0Tf&-5. 

[^^■^©iJ^?^] 

1 

10, 3 0 Pg^A'^-'I'MOSFET 

2 0. 4 0. 5 0 N5^^:^;i'MOSFET 



[HI] 




[05] 
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10 


B2] 

20 

\ s 


I V i CEP — 

N 







'-^<01T> 



0^<oi r> 



[04] 

-ir<OlT> 



50 



18a- 





17a 


16b 
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-hp-") 






16a ■ 


M ^ 
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(6) 
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me] 
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15 12 13 U 



I = t 
ii\ 

5 

IS! 
1' 



IF 

B3 



1 = 3 
131 

IE] 
IE) 
ISI 



B) 

D 



(=1 

Is] 

5 

lEI 
151 

(31 



B a B 



kB B B H H 1 



17 

.18 
-16 
•19 




—272— 
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(74)f^aA 





(54) BBW©«)»] MI S»«*3»*h9>5?X3' 

(57) imm] 

- V (DmbWJ i^tbfzU I S F E T imm-ti CI t IC 

o 

-6 5 i (110) tu ^-^-^ 

izLfZc nmwmi^lzitT azOsXli (Bai-.S 
rO Ti033H±PbZri-xTi,03S:fflv>-6o 



10. 




6 •••(110)^flt«Si«» 
8 • ■ f-h 
10 •• KL-f^- 



( 2 ) 7-23 1088 



1 



umm 1 1 s i s^g«s±(cy- h^si^^L-cr 
>m's.mmizm.mmivmm^i'ii>M i smmm^W: v 

^S#Ei:<0«€ E**5 OMV/cmJ:'? "b^^^v^i^^ 

-5S i ft1S®<7)M:^e75* (1 1 0) T'^)oT. 10 
F«3«r«#{c i-oTSiii-t^^^ U ^liiETLt^J-S J: 9 

[is*«2] r- bf6*tigiiisifm^#tmip 1 0 0 
^ t -r ^ 1 si£«oM I s jgmif^ai* b 9 > v*;^ 

lit 3 1 ^mmmU^li T a 2 O5 3l(± (B a 1 - . s 
r.) T i OsZliP b Z n-.T ixOst:-**^ 
mt-l-Zm^ 1 g«<^M I SJ^SI^^Sl* b 7 >yX 20 

[0 0 0 1] 

^[i-m.mm V7> 'jt. 9 mmn i s f e t to? ^) tc 
[0002] 

mitCS iK<bmOS-fflV»;tnJ^MOSFET«:3^L 
Ti5iJ, -e-<oeiS!tS:|ji?§t4fc, pB-C (ICQ) 

5©¥^<^S i 02lK2 74*^^jS$ixTi3i9> Z.(OY-ym, 

^ixTv-'-So -r- h 3<7>TO•f-•^'^-;^**^^^$i^^a5:!^■ 
^^ifc^T^ nff^<7)y-;^4 t KU'f>5*J*>)-[6]L-CS i . 
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